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He: NTP Maode of Action Research Relevant to the Formaldehyde IRIS Asscssmeni
[Fear D, Bahadori;

[n October 2005, the American Chemistry Council Formaldehyde Pancl (the Panely submiited a letter o the
previous NCEA Director, Dr. Ken Olden. calling attention 1o formaldehyde research conducted by the National
Toxicalogy Program (NTP) National Institute of Environmental Health Scicnces (NIEHS) which was presented at
the 2004 and 2015 Society of Toxicology (SOT) mectings. The NTP research explored o hapothesized mode of
action for leukemia in humans using two genctically predisposed strains of mice exposed to formaldehyde and
found 1hat ru‘ll'llhl.lljl.'h} de imhalation did not cause leakemia or I!‘ mphnh:mn[npﬂiﬂi; n.;..\p[n-_.;i;._ In Ocilober 2006,
we submitted a follow-up letter to EPA communicating our formal request to NTP to publish the research in a
peer-reviewed scientific journal or, at o minimum, for NTP to issue a public technical report. | am pleased 1o
report that in August 2017, the WTP released a rescarch re;'u:-rt tiled: Absence of Formaldehyde-Induced
Neoplasia in Trps3 HaploinsufTicient Mice Exposed by Inhalation,' which provides the full details of the research
summarily presented at SOT,

The ohijective af the NTP study was 1o evaluate the patential role of the Trps3 gene in nasal carcinogenicity,
leukemia or lymphohematopaietic cancer, and potentially other neoplasms in penetically susceptible mice. Male
Trp33 haploinsuflicient {TrpS3+) mouse strains (B6,129- Trp33tmiBrd and C3B6, 129 1-Tep33un | Brd) were
cxposed via inhalation to O ppm, 7.5 ppm or 15 ppm formaldehyde for 8 weeks, Because evidence suppests o
possible role of the Trp53 gene in formaldehyde-induced nasal sqUAmOLS cell carcinomas, the outhors
hypothesized that formaldehyde-induced Ioss of Trp53 would result in an increase in susceptibility o
formaldehy de-induced nasal squamous cell carcinoma, and possibly leukemia and other neoplasms. However, the
study found that inhalation of a maximum tolerated dose of formaldehyde did ot cause nasal tumors, an
mereased prevalence of leukemia or lymphohematopoictic cancer, or any other 1ype of cancer in Trpa3+ mice.
The results from this study inceease the weight of evidence that formaldehyde exposure is not causally associated
with leukemia. EPA's IRIS Stopping Rules” allow for the inclusion of new rescarch information until a few
months before an assessment is released for review, This study report provides imporant information related to
postulated modes of action for formaldehyde and should be evaluated and integrated into the formaldehyde
weight of evidence framework. We also strongly encourage EPA to reach out 1o the NTP for additional insight
and information on this study.

' NTP Rescarch Report on Absence of Formaldehy de-Induced Meoplasia in Trps3 Hoploinsufficient Mice Lxposed by
Inhalation Research Report 3, National Toxicology Program, August 2007, The full report can be found at-

h;rpL ‘mbponichs. mihpov n!p_::.l:rl_pul;n rr'reperts formaldehyde 508 pdf
* EMAC RIS Stopping Rules - hitpscwww epa povsites/ production files 20 1 4-06 documents irs _stoppingrules pdf

americane hemistry, com® Ho0 Second 5e, ML | Wazhington, DE 200032 | (202] 24%. 7000 \ﬁ
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EPA has previously indicated that it is committed to ensuring that the revised draft formaldehyde assessment
reflects a transparent, rigorous, systematic review of availahle formaldehs de evidence which is consistent with the
=011 Nanional Academy of Sciences (NAS) recommendations, The Panel has been committed 1o conducting
resecarch to address the recommendations of the NAS and engaging scientists on approaches 1o integrate the
seientific evidence for formaldehyde. As we have previously communicated to EPA, in support of efforts to
engipe scientific expents on the formaldehyde science and methodalogies for integrating the evidence, an invited
scientific expert workshop has been scheduled for October 2007, This workshop will provide valuable insight on
mtegrating the formaldehyde science which can inform the EPA’s formaldehyde IRIS assessment. We are
pleased that EPA IRIS stafl accepted an invitation to participate i this workshop and look forwand o the
disgussion.

The methids and approaches that EPA uwtilizes 1o systematically review and integrate the scicnce to draw
condlusions regarding potential human health risk will be a comerstone in any {uture formaldehyde assessment.
To help improve our understanding of the processes that will be applied to the formaldehyde assessment, we
reguest that you provide responscs to the following questions.

I How is EPA considering new scientific information, like the NTP study. for incorporation into the weight

of evidence for the formaldehyde IR1S assessment?

When did EPA last conduct a scarch ol the formaldehyde literature for science to incorpomic into the

IRIS assessment and how frequently does EPA monitor the formaldehyde litemtere to identify potential

studies that should be incorporated nto the assessment?

3. What guidance documents or procedures will EPA utilize 1o evaluate study quality for studies relied upon
ta reach conclusions in the formaldehyde RIS assessment? Please provide specific references if available.

4. When will EPA release a weight of evidence framework illustrating how various data streams (ie.

mechanestic, Wwxicology and epidemiology studics) are evaluated for quality and then integrated 1o reach

conclusions about formaldchy de?

How has EPA addressed all the 2011 NAS pecommendations for formaldehy de?

How will EPA seck public input and peer review on the formaldehyde IRIS assessment and what tvpes of

public meetings or workshops will be held 1o receive input?

FJ
'

b

Feel l_'r-l:\: 1o comact me by phone (202-249-6707) or email (Kimberly_ Whiteimamericanchemistry com ) with any
questions related o this letter. Additionally, a full copy of the study report is antached for your reference,

Sincerely,

Kimberly Wise White, PhD

American Chemistry Councl (ACC)
Senior Director

Chemical Products & Technology Division
On Behalf of the ACC Fermaldehyde Panel

L

Robern kavlock
Dan Morgan
kris Thayer
Richard % amadn

Attachment | — NTP Research Report on Absences of Formaldehyde-Induced Neoplasia in TRPS3
Haploinsufficient Mice Exposed by Inhalation, August 2017

amencanchemistry.com" 700 Second 51, NE | Waskington, DC 20002 | {202} 249.7000 H:?
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(}ficial citation: Morgan, DL, Dixon, D, King, DH, Travlos, GS, Herbert, RA, French, JE,
Tokar, EJ, Wanlkes, MP, Jokinen, MP. 2007, NTP Research Report on Absence of
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Absence of Formaldehyde-Induced Neoplasia in Trp53 HaploinsulMicient Mice Ex posed by
Inhalation

Abstract

Formaldehyde inhalation is linked to nasal cancer and leukemin in humans. Formaldehyde-
induced 1N A-protein erosslinks and enhanced cell proliferation are important in the
pathogenesis of nasal cancer and, potentially, leukemia. Mutations in the UMOr SUPPrEssor genc
Trps3 have been associoted with formaldehyde-induced nasal twmaors and might be a key
mechanistic event in formaldehyde-induced leukemia. The objective of this study was to
evaluate the potential role of the Trp33 gene in formaldehyde-induced nasal carcinogenicity,
leukemia or lymphohematopoietic cancer, and potentially other neoplasms in genetically
susceptible mice, Male, Trp33 haploinsufficient (Trp33=) mouse strains (B6.1 29-Trp3 3 and
C3B6.129F 1-Trp53™10) were exposed to 0-, 7.5- or 15-ppm formaldehyde (25/group) 6 hid,

5 d'wk for 8 wk, and then held for 32 wk. Blood was collected for hematology, and major tissues
and gross lesions were collected for histopathology. The primary formaldehyde-related finding
was squamous metaplasia of the respiratory epithelium of the nose. Inhalation of a maximum
tolerated dose of formaldehyvde coused significant injury 1o the nasal mucosa and cell
proliferation, but did not cause nasal tumors or an increased prevalence of leukemia or
lymphohematopoietic cancer in Trp53* mice. All observed neoplasms were considered
background lesions for these mouse strains, The results of this shori-term carcinogenicity study
do not support a role for TrpS3 in formaldehyde-induced neoplasia.

Kev Words: Formaldehyde, Trp33 mutations, Trp33= mice, nasal cavity, neoplasia. inhalation

vi



Absence of Formaldehyde-Induced Neoplasia in Trp53 Haploinsufficient Mice Exposed by
Inhalation

Introduction

Formaldehyde is recognized as a nasal carcinogen in humans ' and laboratory rats %, Exposure
of rats to formaldehyde results in development of squamous cell carcinoma (SCC) in the anterior
and posterior lateral memus of the nosal covity *, DNA-protein crosslinks (DPC) and cell
profiferation are prominent at sites of SCC formation in the rat nasal cavity ¥, suggesting that
incomplete repair of DI'C results in mutations within the proliferating cell population and might
lead to neoplasia, Considerable evidence shows that formaldehyde-induced mutations in the
tumor suppressor gene Trpd 3 are important in the pathogenesis of nasal cancer ™ *, Mutations in
Trp33 were identified in formaldehyde-induced nasal SCC in rats ”, and obnormal Trp33 protein
was shown 1o accumulate in the nosal tissue of formaldehvde-exposed rats ', Mutations in Trpi3
result in loss of tumor suppression functions including RN A repair, cell evele arrest, senescence,
and ﬂ]:.‘-DElEJ:-iiE ", resulting in a loss of normal growth control and clonal expansion of mutated
cells 114,

Formaldehyde also has been reported to cause mycloid leukemia in humans'®, although the
mechanism is unknown. Mutations in the Trp33 gene could be important in the pathogenesis of
leukemia or lvmphohematopoietic cancer. Zhang et al. '* proposed that hematopoietic stem cells
in the nasal epithelium or in circulation undergo formaldehyde-induced mutations that result in
loss of Trpdd and acquisition of the capacity for self-renewal. The Trpi3 gene is involved in
regulating the self-renewal of hematopoictic stem cells '™, In addition, disruption of the Trp33
pathway has been shown to enhance production of induced pluripotent stem cells capable of self-
renewal 2! Acquisition of seli-renewal capacity is one of the initial steps in cancer development
=, Formaldehyde-induced loss of Trp33 would be rare, however, and indeed an increased
incidence of lvmphohematopoietic cancer has not been observed in formaldehyde-exposed wild
type rots and mice *.

Currently no good ammal mode] is available for investigating the mechanism(s) by which
formaldehyde causes leukemia. Because considerable evidence suggests a role of Trp33 in
formaldehyde-induced nasal SCC, we evaluated two Trpdd-heplomsuflicient (Trp53+) mouse
strains in this study, We hypothesized that formaldehyde-induced loss of Trp53 would be
iereased in Trp53® mice, resulting in an incrcased incidence of SCC of the nose and leukemia or
Iymphohematopoietic cancer, and potentially neoplasms at other sites.

Materials and Methods

Animals

Two mouse strns heteroey pows Tor the null ond wildivpe Trp3 3 ollele were used 1o evalunte the
potential role UTTTSE in formaldehyde-induced lymphohematopoietic cancer. The inbred
B6.129-Trpd 3109 (Model P33N12-M) mouse strain was selected for this study because of its
previous use as o model for Ivmphohematopoietic wmors in short-term cancer bioassays 2%,
The C3B6.129F1-TrpS 3™ sirain also was seleeted based on the observation of chemical
exposure-dependent lvmphohematopoietic tumors of either lymphoid- or myeloid- committed
stem cell origin "™ *', This strain is an outcross between C3HHeNTac female (Model C3H-F) x
B6.129-Trpi 3™ (Model P33N12-M) homozygous Trp33 null allele male to produce the
haploinsufficient F1 progeny, Heteroeygotes were selected because they have a lower
background incidence of sporadic tumors than the homoeygotes, and the latency for sporadically
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occurring tumors is longer than in the homozygote . Although rats appear to be more
susceptible than mice to farmaldehyde-induced SCC of the nose, a genctically modified rat strain
was not available ot the time of this study.

Vale CIB6.120F1-Trps %9 mice were 9 weeks old on arrival and male B6.129-Trpi !
haplainsufficient mice (Taconic, Hudson, NY) were 8-10 weeks old on amval. A fter a 3-
(B6.129-Trps 3184y 15 dweek (C3B6.129F1-Trpd 37} quarantine period, mice were
weighed and randomly assigned to three exposure groups (Table 1). Five mice per strain were
assigned 1o sentinel groups. All mice wene ncclimated to the Hazleton 2000 exposure chambers
for 3 days prior to exposure, Food (NIH-31) was removed during the 6-hour exposure periods;
and water was always available. Body weights were recorded weekly.

Formaldehyde Generation and Monitoring

Nominal chamber concentrations of 7.5-ppm and 15-ppm formaldehyde vapor were generated by
heating paraformaldehyde. These concentrations were s¢lected based on reports in the literature
and on the results of a 2-week range-finding study in mice. Beeouse cell proliteration plays a Key
role in formaldehyde-induced neaplasio, exposure concentrations were selected that caused
significant injury and cell regencration in the nasal cavity in the range-finding study. Two 1-liter
WoulfT bottles containing 200 grams of prilled paraformaldehyde (Sigma Aldrich, St. Lous,
MO} were heated on hot plates to 95°C (7.5 ppm) and 120°C (15 ppm). A constant volume (1 liter
per minute [LPM]) of brenthing-quality air (dried. filtered, and carbon-scrubbed) was delivered
to the Woulff bottles. A metered volume of the formaldehyde-enriched headspace was mixed
with the chamber supply air stream (500-LPM humidificd, fillered, and carbon-scrubbed air).
The Hazleton 2000 exposure chamber concentrutions were monitored using a Model Z-300XP
Formaldehyde Meter {Environmental Sensors, Boea Raton, FL).

Animal Exposure

Mice were individually housed in Hazleton 2000 chambers and exposed to cither conditioned air
{charcoal and HEPA filtered. temperature and humidity contralled), or to 7.5- or 15-ppm
formaldehyde in conditioned air 6 hours/day, 5 days'weck. for & weeks, This treatment regimen
represents a standard S-day workweek, used for studying chemieals for which exposure is
primarily occupational, Exposures of the two strains were staggered by 1 week because of the
large numbers of mice to be necropsied, The exposure of the B6.129-Trp33"™ " mice began |
week nfter beginning the exposure of C3B6.129F 1-Trps 3" mice. Following the 8-week
inhalation exposures, mice were transferred to individual polvearbonate cages and monitored for
~32 weeks (until 51-53 weeks of age). Mice were weighed and examined for gross lesions
weekly, Mice with large or ulcerated tumors were euthanized and a necropsy conducted.

Hematology

On the day of the scheduled necropsy, whole blood samples were collected under isoflurane
anesthesia by means of the retro-orhital venous sinus into tubes containing K:EDTA as
anticoagulant. The whole blood was analyzed for a complete blood count (CBC) evalustion.
CRBC end points, including absolute leukocyte (total and difTerential), erythrocyte (red blood cell
[RBC]), reticuloeyte (%6 and absolute |Retics]) and platelet (Plat) counts, hemoglobin (HgB)
concentrations and hematoent (Het), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) values, were

]
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obtained using the ProCyte Dx hematology analveer {IDEXX Loboratories, Westbrook, ME). A
packed cell volume (spun hematocrit) was performed using an Autocrit Ulira 3 micro-hematocrit
centrifuge { Becton, Dickinson and Company, Franklin Lakes, NI). Microscopic evaluation of
Romanowsky-stained blood smears was performed to assess leukecyte differential distribution
percentages and RBC, WBC, and Plt morphology.

Necropsy

Mice found moribund during the study and those that survived to the end of the study were
cuthanized by CO:z asphyxiation and exsanguination. At necropsy, major organs were weighed
and the following tissues, including gross lestons, were collected for pathology evaluatiops, The
distal 1-2 ¢m of the left femur wos sectioned through the frontal plane to include the articular
cartilage and articular surface, the femoral condyles with epiphyseal plate, and diaphysis with
bone marrow. The left femur was fixed in 10% neutral-buftered fommalin {(NBF). The nasal
cavities were fixed by retrograde infusion of NBF, and then immersed in NBF, The formalin-
fixed nasal cavities were decalcified (RDO Rapid Decaleifier; Apex Engineering Products,
Aurora, IL) for 12 hours, After decalcification. three separate sections of the nasal eavily were
taken at (1) the level of the incisor teeth (Level 1), (2) midway between incisors and first molar
{Level 23, and (3) middle of second molar {(olfactory region) (Level 3). The remainder of the
nasal cavity and turbinates were carefully examined for gross lesions. One-half of the trachea
was left attached to the lung. After weighing the lung, the trachea was used to inflate the lungs
with fixative. The lungs were trimmed 1o allow the largest cross-section surface aren possible, A
transverse section of the larynx was taken at the base of the epiglottis just anterior to the
larvngeal saccule. Two sections of liver including transverse sections through the left and median
lobes were taken midway along the greatest dimension. A section of gallbladder was included in
the seetion of median lobe, A mid-longitudinal section (left Kidney) and a cross section (nght
kidney) through the entire cortex, pelvis, and medulla of each Kidney were collected, Mesenteric,
mandibular, mediastinal, and bronchial lvmph nodes were collected and placed in cassetles.,
Afler formalin Gixation, tissues were trimmed and processed. embedded in paraffin wax,
sectioned at 5 pm, and steined with hematoxylin and eosin (H&E). A pathologist evaluated the
slides, and then the twwmor slides were reviewed by four additional pathologists during a
Pathology Peer Review,

Immunohistochemistry Staining

Immunchistochemistry was used to better characierize sarcomas. Formalin-fixed, parafTin-
embedded tissue sections were deparattinized in xylene and rehydrated through graded aleohols,
Heat-induced antigen retrieval in ¢itrote bufler (pl 6.0, Biocare Medical, Concord, CA) was
done in a Decloaker® pressure chamber for 5 minutes ot 110°C, followed by 3% hyvdrogen
peroxide for 15 minutes to quench endogenous peroxidase activity, Nonspecific sites were
blocked by incubating slides for 20 minutes with 2.5% normal horse serum (Vector, Burlingame,
CA). The sections then were then incubated with rabbit monoclonal antimyogenin antibody
{Cat# ab124800, Lotd GR155521-1, Abcam, Cambridge, MA) a1 1:500 dilution, or a rabbit
monoclonal anti-vimentin antibody (Cat# ab92547, lot# GR145336-12, Abcam) at 1:10{H0
dilution for 1 hour at room temperature, For negative control tissue sections, normal rubbit 1gG
(Calbiochem®, San Diego, CA), diluted to match the protein concentration of the myogenin or
vimentin antibodies was utilized. The antigen-antibady complex was detected using ImmPRESS
HEP anti-rabbit 1gG (Vector) and 3, 3-diaminobenzidine (Dako, Carpinteria, CA). Slides were
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then counterstained with hematoxylin, dehydrated, and cover-slipped. The myogenin slides were
stnined manually, whereas, the vimentin slides were stained via o Biocare Intellipath™ FLX
autostainer { Biocare Medical).

Statistical Analyses

Cochran-Armitage trend tests were used 1o test for dose-related trends in incidences of
neoplasms. Fisher's exact tests (one-sided) were used 1o compare incidences of neoplasms
between cach dose group and the control group. Hematology data were analyzed using
nonparametric multiple comparison methods %%,

Results

Survival

Nine C3BAF1.129-Trps 31 ynimals died prior to the scheduled sacrifice (Table 1), Sixty-five
animals of this strain survived 1o study termination. Sixteen B6.129-Trpd 30 animals died
prior to the time of scheduled sacrifice ( Table 1). Most of these animals were cuthanized carly
due to the presence of large, grossly visible tumors, Seventy-five B6,129-Trpd 30 animals
survived to study termination.

Body and Organ Weights

Body weights of C3B6F1.129-Trpi 3™ mice exposed to 7.5-ppm formaldehyde were
significantly less than controls (p<0.05) from week 1 to week 11, and ot weeks 37 and 38, Body
weights of mice exposed to 1 5-ppm formaldehyde were significantly less than controls (p<0.05)
from week 1 to week 24, and ot weeks 37 and 38 (Figure 1), Absolute and relative liver weights
were signifieantly decreased 11% and 8%, respectively, in mice exposed to 1 5-ppm
formaldehyde. Lung, kidney, spleen, and thymus weights of formaldehyde-exposed mice were
not significantly different from controls (data not shown).

Body weights of B6.129-Trpd 359 mice exposed to formaldehyde were not significantly
different from controls at any tme point (Figure 11, Absolute and relative liver, lung, kidney,
spleen, and thymus weights of formaldehyde-exposed Bé. 129-Trpi 3™ mice were not
significantly different from controls (data not shown).

Hemalology

Hematological parameters for formaldehvde-exposed C3B6F1.129-TrpS ™89 (Table 2) and
136.129-Trps 315 (Table 3) mice were not significantly different from their respective controls,
Meither strain showed any indication of treatment-related hematotoxicity, leukemin, or
Iymphoma.

Histopathology
Nasal Cavily

Formaldehyde exposure-related non-neoplastic lesions were observed primanly in the nasal
cavity of CIB6F],129-Trpi 318 and BA.129-Trpd 3™ mice, These nasal lesions were
guantitatively and qualitatively similar in both strains. Nasal cavity lesions considered related 1o
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formaldehyde exposure are summarized in Table 4. The number of animals examined per group
includes the carly death animals.

The only nasal cavity lesion observed in the control C3B6TF] 129-Trps 3™ and BA.129-
Trp3 3™ animals was minimal hyaline degeneration of the respiratory epithelium, consisting
of one or more small foci of epithelial cells containing intra-cytoplasmic accumulation of
brightly stained eosinophilic material. This minimal lesion, observed in many of the control
animals, is considered a spontancous background finding.

Squamous metaplasia of the respiratory epithelium was observed in the nasal cavity of many
C3IBOF1.129-Trp33 00 and B6.129-Trps 310 mice exposed to 7.5- and 15-ppm
formaldehyde. The incidence and average severity (minimal to mild) of squamous metaplasia
were greater in the 15-ppm group animals as compared with the 7.5-ppm animals ( Table 4).
Squamous metaplasia was observed consistently in Level 1, presumably because this level of the
nose was exposed to the highest concentration of formaldehyde, and occasionally in Level 2,
especially in the 15-ppm exposure groups (Figure 2). This lesion was not observed in Level 3,
Squamous metaplasia was observed most commeonly on the medial surface of the
maxilloturbinates, facing the nasal septum, Other aftected sites included the lateral wall, tips of
the nasoturbinates, and, occasionally, the dorsal surface of the dorsal meatus. Squamous
metaplasia was characterized microscopically by areas of replacement of the normal respiratory
epithelium by a thin to occasionally moderately thick layer of stratified squamous epithelium. In
some cases, the squamous epithelium was quite thin and was recognized as squamous epithelium
by the presence of a layer of thin, laterally Nattened cells on the epithelial surface typical of
squamous epithelium. Ofen, o thin to moderately thick layer of keratin, sometimes containing
cell debris, was present on the epithelial surface of turbinates in exposed (Figure 3B) but not
control (Figure 3A) mice. In a few noses, accumulated keratin was present in the space behind a
twrhinate scroll, and in some cases filled the space behind the seroll (Figure 3C).

Osteogenesis, proliferation of new bone, was observed in the turbinate bone in a few
C3B6,120F1-Trp53™10 gnd BA.129-Trps 3™ animals exposed to formaldehyde (Table 4).
Microscopically, the osteogenesis had a similar appearance in the two strains and in each animal
consisted of a small focus of proliferating bone within the lamina propria of the affected
turbinate characterized by eosinophilic osteoid containing numerous large plump osteoblast
nuclei (Figure 303),

Neoplasms in C386.129F1-Trp53™'8¥ Mice

Several neoplasms were observed in control and formaldehyde-exposed C3B6.129F |- Trpsg='tr
mice, and none was considered caused by formaldehyde exposure {Table 5). Three lymphomas
were found in the early death C3B6.129F1-Trpd 3 ™™ animals: one in the 7.5-ppm group
invalving the thymus and two lymph nodes, and the remaining two in the 15-ppm group
involving only the thymus, No lymphomas were observed in the control group. The incidences of
lymphoma in the formaldehyde-treated groups were not statistically significant (p=0.05) relative
to controls. The lvmphomas all had a typical and similar morphologic appearance, and consisted
of diffuse sheets of relatively large lvmphocytes with large, moderately pleomorphic basophilic,
granular nuclei with one or more prominent nucleali and a scant amount of eosinophilic
cvtoplasm (Supplemental Figure 1)
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Five osteosarcomis were found in bone and skeletal muscle of C3B6.129F 1-Trp33™'" mice
(Tahle 5). Osteosarcomas were present in two scheduled sacrifice animals (one control and one
7.5-ppm animal), and both had metastasized to the lung, The three TCMiining O5leosarcomas
occurred in the early death control animals, Microscopically, the osteosarcomas were discrete
masses composed of irmegular intersceting trabeculae of cosinophilic osteoid, the matrix maierial
for bane, admixed with variable numbers of highly pleomorphic neoplastic spindle-shaped cells
(Figure 4A). Although osteosarcomas are considered to originate from bone, three osteosarcomas
{from the early death contrel animals) had skeletal muscle attached to them but no bone, We
assumed they had originated in bone and had invaded adjacent skeletal musele, but that the bony
origins of these neoplasms were not included in the microscopic sections, Osteosarcomas stained
positively for vimentin, an intermediate filament typically present in eytoplasm of non-epithelial
cells (Figure 4B), and stained negatively for smooth muscle actin, myogenin, and F4/80,

In addition 1o esteosarcomas, an undifferentiated sarcoma was also observed in the skeletal
muscle of a 7.5-ppm C3B6,129F 1-Trpd 3™ animal. This neoplasm was a large, discrete mass
consisting of numerous larpe, round to ovoid to elongated cells with abundant cosinophilic
evtoplasm and small basophilic nuelei. Hepatocellular adenoma and carcinoma, histioeytic
sarcoma, and hemangiosarcama also were observed in some animals, but the incidences were not
significanly increased or concentration related {Table 5).

Osteosarcomas in two control mice and a hemangiosarcoma in one 7.5-ppm animal were in
contact with or had enveloped the microchip transponders used for animal identification.
Sarcomas, osteosarcomas, and histiocytic sarcoma in eight C3B6.129F1-Trp33™"™ animals
were located remotely from the microchips.

Neoplasms in B6,129-Trp53m™ 6T Mice

A variety of observed neoplasms in formaldehyde-exposed B6.129-TrpS 310 mice were not
considered chemical related ( Table 6). Lymphomas were present in two formaldehyde-exposed
B6.129-Trpi ™" animals, one in the 7.5-ppm group and one in the 15-ppm group. The
Iymphoma in the 7.5-ppm animal, which appeared to have originated in the thymus, had spread
widely, being present in nearly every tissue examined. In contrast, the lymphoma in the 15-ppm
animal appeared to have originated in the mesenteric lvmph node with a small amount of
involvement of the bronchial lymph node. The lvmphomas appeared morphologically similar to
one another and to the lymphomas observed in the C3B6.129F1-Trps 3™ animals

{ Supplemental Figure 1).

Skeletal musele rhabdomyosarcomas were observed in five formaldehyde-exposed B6.129-
Trp33™ W animals, one in the 7.5-ppm group and four in the 15-ppm group (includes carly
death animals) (Table &). Rhabdomyosarcomas were not observed in B6.129-Trp 33" cantrol
animals. Although a statistically sipnificant trend (p=0.042) was found, the incidence of
rhabdomyosarcomas in the 15-ppm group was not statistically significant (p=0.133) relative to
controls, Microscopically, the ncoplasms were lnrge masses composed of solid foci and
interlacing bands of neoplastic cells generally admixed with varving amounts of dense fibrous
tissue stroma {Figure 4C), The neoplasms were composed primarily of variably sized
pleomorphic polygoenal 1o fusiform cells, with large ovoid to fusiform, moderately basophilic 1o
vesicular nuclei with one to severs] prominent nucleoli and small to moederste and occasionally
large amounts of cosinophilic cytoplasm with indistinct borders. Few to numerous mitotic
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figures were present. and varying numbers of large multinucleated cells resembling
rhabdomyoblasts were observed. Cross strimtions were not observed; however, the tumors stained
positively for vimentin, a murker for cells of mesenchymal origin including skeletal muscle, and
myogenin, a nuclear transcription factor essential for skeletal muscle development and repair,
and a specific marker for skeletal musele (Figure 413).

Various other neoplasms occurred at low incidences in control and formaldehyde-exposed
B6.129-Trps 'Y animals, all of which were considered background lesions unrelated 1o
formaldehyde exposure (Table 6). Microchip transponders were found in contact with, or
enveloped by, tumors in five B6.129-Trps 3™ animals exposed to formaldehyde. Sarcomas in
10 Bﬁ-lE‘}-Trpﬂ""'““’ animals were not asseciated with microchip transponders.

Discussion

Formaldehyde-induced injury to the nasal epithelium, regenerative proliferation, and mutations
in these proliferating cells are key steps in the pathogenesis of formaldehyde-induced nasal SCC
5 Mutations in the tumor suppressor pene Trp33 have been detected in formaldehyde-induced
nasal tumeors and in preneoplastic hyperkeratotie plaques, indicating that Trp33 mutations are
involved in the pathogenesis of SCC ", Based on these data, Trp53* mice were expected 1o be
highly susceptible to formaldehyde-induced nasal SCC, and possibly leukemia and other
neoplasms, Under the conditions of this short-term study, however, formaldehyde exposure did
not result in SCC of the nasal cavity or in an mereased incidence of leukemia or
Iymphohematopoictic neoplasms in two genetically susceptible Trp53= mouse strains.
Formaldehyde-induced loss heterozygosity (LOH) in Trpa3 and loss of tumor suppressor
function may have been insufficient to induce neoplasia. Although mutations to Trp53 can result
in o dysfunctional protein, some mutstions to Trp33 can result in a gain of function (GOF) that
promotes tumor development ** %7, Formaldehyde-induced mutations of Trp33 that result in GOF
may be necessary for induction of neoplasia.

Although rats are more susceptible than mice 1o formaldehyde-induced nasal tumors Y a Trps3t
rat strain was not available at the time of this study. Mice are reportedly less susceptible than rats
because of their greater ability to reduce their minute ventilation upon repeated formaldehyde
exposures = thereby reducing tissue damage and cell wrnover in the nosal mucosa.
Spontancous SCC of the nasal covity is extremely rare in rots and mice. Tumors of the nasal
cavity have not been observed in NTP historical controls for BACIFI/N or B6.129-Trpd jomiind
mice. Background nasal tumoar incidences for the CIBA.129F1-TrpS5 3™ were not available.
Induction of SCC in wild type mice by formaldehyde is also extremely rare. Exposure of
C57BL/6 x C3HF1 mice to 14.3-ppm formaldehyde for 2 years followed by a 6-month holding
period resulted in only two mice with nasal tumaors %,

In this study, mice were exposed to concentrations of formaldehyde that caused significant cell
injury, inflammation, and regeneration in the nasal mucosa, which are recognized s key events
in nasal SCC development *. Although significant regencrative cell proliferation and squamous
metaplasia were observed in exposed mice, a higher formaldehyde concentration, a longer
exposure duration, or a longer holding period might be necessary for accumulation of genetic
altermtions in Trp33 and development of SCC in mice, The seventy of nasal lesions in both
mouse strains, the significamly reduced body weights of C3BA.129F1-Trpi 3™ ™ mice, and the
lack of body weight gain in both sirnins, however, indicated that exposure to 15 ppm for 8 wecks
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represented a maximum tolerated dose. An 8-week exposure duration was considered su iTicient
because the doubling time for HSPCs is reported to be between 2 and 4 weeks with the entire
HSPC pool tuming over every 8 weeks * %', Although exposed mice could have been held
langer., 50 weeks of age was selected because, at approximately 70 weeks of age. about one-half
of Trps3= mice reportedly develop background twmors *,

Formaldehyde exposure did not significantly increase the incidence of leukemia o
lymphohematopaietic neaplasms in cither B6,129-Trp3 310 or C3B6.129F1-Trp 3™ mice.
The formaldchyde exposure concentrations were observed 1o cause distuption of the nasal
epithelium, potentially allowing exposure of the underlying nasal cavity stem cells and
circulating hematopaietic stem cells in the nasal vasculature, Maximal exposure of stem cells
would be expected 1o occur following disruption (ulceration, necrosis) of the epithelium. As
noted in this study, however, the accessibility of the nasal stem cells to inhaled formaldehyde
could decrease as the damaged nasal epithelium is rapidly replaced by the more resistant
squamous epithelium, In addition, the squamous epithelium produced multiple layers of keratin
that might also protect underlying cells from inhaled formaldehyde. Whether a similar
phenomenon occurs in exposed rats is unelear, Lymphoma was observed in several
formaldchyde-exposed mice and was absent in control groups for both mouse strains, The low
incidence of lymphoma in formaldehyde-exposed mice, however, was not sitistically
significant. Lymphoma was not considered exposure related because of the low incidence, the
lack of statistical significance, and because lvmphoma is one of the most common sponlaneous
tumors reported in Trp332 mice 4%

Sarcomas were the most prevalent tumaor observed in B6.129-Trp3 3" mice and were the most
common cause of early deaths due to the rapid growth of these tumors. The wse of subcutaneous
microchip transponders for animal identification might have influenced the incidence of
sarcomas in B6,129-Trps 3599 Sorcamas ean oceur in B6,129-Trpd 3" mice in association
with subcutaneous microchips but can also oceur spontancously and in reaction to other
tremments . Although the mechanism for a synergistic or additive cffect of subcutnneous
microchip implantation and formaldehyde exposure on skeletal muscle sarcoma development in
B6.129-Trp3 3™ is not clear, evidence is insufficient to rule out such an eflect.

Osteosarcoma was a common spontaneous lesion in C3B6.129F 1-Trpd 3% mice, occurring in
about 15% of controls and in only one animal exposed to formaldehyde (7.5 ppmy).
Osteosarcomas are generally uncommon neoplasms in mice but appear to be more common in
Trp53* mice. Microchips were found within or in contact with tumors in two of the four control
mice with osteosarcoma, and in one mouse in the 7.5-ppm group. the microchip was in contact
with a hemangiosarcoma. As noted with the skeletal musele sarcomas in B6.129-Trpd 3=
mice, immunostaining of osteosarcamas associated with, or remote from, microchips showed no
differences.

Conclusion

Under the conditions of this study. inhalation exposure to o maximum tolerated dose of
formaldehyde did not cause an increased incidence of nasal SCC, leukemia, or
lymphohematopoietic tumors in Trp33* mice. Both mouse struins developed a variety of
neaplasms, but all were considered spomaneous background lesions and not a result of
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formaldehyde exposure, The results of this short-term carcinogenicity study do not support o role
for Trp53 in formaldehyde-induced neoplasia.
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Figure 1. Body Weights of Trps3: Mice Fxposcd to Formaldehyde

CIB6,129F |- Trp 5319 and BA,129-Trp 3™ mice were exposed to formaldehyde at O {air), 7.5, or 15
ppm for & weeks, and then held for 32 weeks without exposure. (A) Body weights of C3BR6F11219-

Trps ™0 mice exposed to 7.5-ppm formaldehyde were significantly less than controls (p<0.05) from
week 1 toweek 11 and at weeks 37 and 38, Body weights of mice exposed 1o 15-ppm formaldehyde were
significantly less than controls (p<0.03) from week | 1o week 24 and at weeks 37 and 38, (B) Body
weights of B6_129-TrpS 3™ 0 mice exposed to formaldehyde were not significantly different from
contrals ot any time poinl
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Formaldaehyde

Figure 2. Squamons Metaplasia of the Nasal Cavity in Mice Exposed to Formaldehyde

(A A Tow magnification showing the location of the maxillourbinates (wathin the box) and the
nasoturbinates located dorsally and attached to the mof o the nasal cavity on either side of the nasal
septum, Level 1. (B and C) Higher magnifications of the maxilloturbinate (within the box) showing the
normal respiratory epithelium covering the turhinate bones, The normal respiratory epithelium in this arca
consists of a single layer of ciliated, columnar, and pon-ciliated cuboidal cells {armows in C). (D, E. and F)
Level | section of the nasal eavity from a high-dose (13-ppm} animal. As in A, panel [V is o low
magnification showing the location of the maxilloturbinates (within the box) and the nasoturbinates
dorsally. E and F are higher magnifications of the affected turbinate epithelium (within the box). The
noermal respiratony epithelium has been replaced by keratinized, stratified squamous cpithelium (arrows in

panel F).
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Figure 3. Keratin Accumulation and Osteogenesis in Nasal Cavity of Mice Exposed to
Formaldehyde

C3B6.129F 1-Trp 3™ ™ and B6.129-Trp3 3™ " mice were exposed to formaldehyde at 0 (air), 7.5, or 15
ppm for § weeks, and then held for 32 weeks without exposure, Significant lesions were still present in
the nasal cavity of both mouse strains when examined 32 weeks after formaldehyde exposure. (A) Normal
appearing respiratory epithelium on the nasal wrbinate of an air-exposed control 3 B6, 1298 |- Trpj 3= 0
mouse, H&EE, 60x. {B) Squamous metaplasia of respiratory epitheliuvm on the nasal turbinate of a

CIB6. 129F |- TrpS3™' " mouse exposed to 15-ppm formaldehyde, Note multiple layers of keratin
{armows). H&E, 60x. (C) In some animals exposed to 15-ppm formaldehy de, accumulated keratin was
present in the space behind a turbinate scroll and, in some cases, filled the space behind the scroll
{asterisk). H&E, 20, (13) Minimal osteogenesis of the nasoturbinate was present in a few mice exposed
1o 15-ppm formaldehyde. The lesion consisted of a small focus within the laming propria consisting of
cosinophilic osteoid containing numerous large plump osteoblast nuclei {arrows). H&E, 60x,
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Figure 4. Neoplastic Lesions in Trp53* Mice Exposad to Formaldehyde

S

Histological appearance (A, C); hematoxylin and eosin, and immunohistochemical staining with vimentin
{B) and myogenin (12) of tumors in C3B6, 1 29F 1-Frpf 3% mice and B6.129-Frps 3" mice. (A)
Osteosarcoma in a CIB6,129F 1-Trp3 3™ mouse, chamcterized by formation of irregular bone
trabeculae and adjecent highly plecmorphic neoplastic spindle-shaped cells. Inset: Higher magnification
of pleomorphic neoplastic cell types adjacent to bone tmbeculae. (B) Vimentin-stained section of
osteosarcoma shown in (A), Note pleomarphic neoplastic cells with cytoplasmic expression of vimentin,
an intermediate filament typically present in non-epithelial cells. Inset: Higher magnification of
pleomorphic neoplastic cell types with positively staining cytoplasm. (C) Rhabdomyosarcoma in o
B6.129-Trpi 7™ mouse, chamacierized by pleomaorphic cells with varying amounts of eytoplasm and
oval-to-glongated nuclei, Inset: Higher magnification of tumor cells showing oval-to-elongated nuclei,
abundant evtoplasm, and mitotic activity, (1) Myogenin-stained section of rhabdomyosarcoma shown in
{C). Mote variably sized pleomorphic tumor cells with nuclear expression of myogenin, a transcription
factor essential for skeletal muscle development and repair, Inset: Higher magnification of pleomorphic
tumor cells showing positively staining oval and elongated nuclei.
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Absence of Formaldehvde-Induced Neoplasia in TrpS3 Haploinsufficient Mice Exposed by
Inhalation

Table 1. Mortality in Trp53* Mice Exposed to Formaldehyde

Formaldehyde Concentration 0 ppm T.5 ppm 15 ppm
CIBA129F1-Trpsi™'® Mice

Animals'group: FiL 2 2

Farly Deaths: 4 {16%4) F(01%4) 2R

Cause of Death:
Lymphoma ] 1 2
Oaleosaroma 3 ] ]
Handodia 4] 1 1]
Carcinoma WOS* metastatic 0 1 1}
Undetermined I 1] 0

B6. 129 FepSr=ted AMjce
Animalugroup: 25 11
Farly Deaths: 3(12%) J(13%) 9 {26%0)
Cause of Death:
Rhabdomyosarcoma
Sarcoma
Crteosarcoma
Leiomyosarcoma
Carcinosarcoma
Histiocytic sarcoma
Uleerative dermatitis
Mephropathy
Undetermined
Formaldehyvde exposure had no statistically significant effect on survival of either mouse strain, Nine CI06. 10 ]-
Frpf 3159 mice died or were cuthanized early primarily due to the presence of large or ulcerated osteosarcomas,
Most early deaths of B6,129-Trp S 3™ mice (16) were due 1o the presence of large sarcomas and
rhabdomyosarcomas.

' MOS - not otherwise specified.
" Carcinoma in lung, primary site unknown,
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Absence of Formaldehyde-Induced Neoplasia in Trp33 Haploinsufficient Mice Exposed by
Inhalation

Table 4. Nasal Lesions in TrpS3* Mice Exposcd to Formaldehyde

Formaldchyde Conceniration 0 ppm 7.5 ppm 15 ppm

CID629F1-Trp 530 Mice
Respiratory Epithelium

Squameus melaplasia el 1421 (1.2)" 2R (LR)

Hyperplasia 021 021 123 (1.0)
Turbinate

Dsteogenesis 02l 0 323 (3.0}

B6.129-Trp 831000 Ajee

Respiratory Epithelium

Squamous metaplasia (22 132701 17726 (1.5)
Turbinate
Osteogenssis 022 127 (1.0} 126 (1.0}

Mice were exposed to conditioned air, 7.5 or 15 ppm formaldehyde 6hr'd, Sd'week for 8 weeks and then held
without further exposure Tor 32 weeks.

“Wumber of mice with lesion number examined.

" Average severity score based upon 1 =minimal, 2=mild, 3-moderate, 4=marked.

Table 5. Neoplasms in C3IB6.129F 1-Trp53™'" Mice Exposed to Formaldehyde

Formahdehyde Concentration 0 ppm 7.5 ppm 15 ppm
Number cxamined: 15 4 25
Distensarcoma 4 (16%)" | (4.224) 0
Rarcoma, MOSY, stomach'rib i 104,2%98) 0
cage

Sarcoma, MOS, subcutis 1 (4% | (4 ey 1]
Sarcoma, MNOST 1] ] 1i4%%)
Sarcoma, NOS, Hardenan gland 0 1 (4228

Hepatocel lular adenoma 5204 4 {16.7%a) (4%
Hepatocel lular carcinoma 1] 2i(B3%a) 0
AlveolarBronchiolar corcinoma L 4%&) L 0
Hemangiosarcoma, subcutis ] (W Ay i
Lvmphoma 1] 1i4.2%%) 2R

Mice were exposed to conditioned air, 7.5 or 15 ppe formaldebyde 6he’d, Sd'week for 8 weeks and then held
without further exposure for 32 weeks.

! Mumber of mice with lesion tincludes animals that died early).

¥ Percentage of animals with lesion.

“ Mot otherwise specified,

! Sarcoma and hemangiosarcoma present in same animal.

* Tassue undetermined,



Absence of Formaldehyde-Induced Neoplasia in Trp33 Haploinsufficient Mice Exposed by
Inhalation

Table 6. Neoplasms in B6.129-Frpsi='" Mice Exposcd to Formaldehyde

Formaldehyde Concentration 0 ppm T.5 ppm 15 ppm
Number Examined: 15 M 35
Chicosarcoma I* {0t 0 0
Hepatocellular adenona 2 (B.0%) il 0
Alveolarbronchiolar adenoma 1(4.0%) f 0
Histiocylic sarcoma 0 [ {33 25T
Lymphoma 0 [ {33 1{2.9a)
Rhabdomyosarcoma 0* I {3.2%%) J {11 A%a)
Leiomyosarcoma, subeutis 0 1] 1(29%%)
Crreinosarcoma, subeutis L] 1] 1(2.5%%)
Sarvoma, NOS', subcutis 1 (4.0%5) 3 (9.7 1 (2.9%%)

Mice were exposed 1o conditioned air, 7.5 or 15 ppm formaldehyde thrid, Sd‘week for & weeks and then held
without further exposure for 32 weeks.

* Number of mice with lesion (includes animals that died early).

* Percentage of animals with lesion.

# Mot otherwise specified.

* Significant trend (p=th03).



Absence of Formaldehyde-Induced Neoplasia in Trp53 Haploinsufficient Mice Exposed by
Inhalation

Supplemental Materials
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Supplemental Figure 1. Thymus, Cortex, Lymphoma of C3B6.129F1-Trp 31" Mice Exposed to
Formaldehyde

The lymphomas appeared as diffuse sheets of relatively large lymphoceytes with large, moderately
pleomorphic basophilic, granular nuelei with one or more prominent nucleali and a scant amount of
cosinophilic cytoplasm, H&E, 40X,
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